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Serotype Shift of Shigella flexneri in China

S. flexneri Indonesia (% of Vietnam (% of China (% of Thailand(% of
Serotypes Total Serotypes) Total Serotypes) Total Serotypes) Total Serotypes)

1a 63 (7%) 1 (0%) 104 (34%) 0 (0%)
1b 105 (12%) 7 (2%) 0 (0%) 5 (23%)
1c 103 (12%) 0 (0%) 0 (0%) 0 (0%)
2a 297 (34%) 69 (24%) 84 (28%) 8 (36%)
76 5 (1%) 103 (37%) 1 (0%) 0 (0%)
3a 142 (16%) 58 (21%) 1 (0%) 1 (5%)
3b 10 (1%) 3 (1%) 0 (0%) 5 (23%)
3c 0 (0%) 0 (0%) 0 (0%) 0 (0%)
4 12 (1%) 11 (4%) 7 (2%) 0 (0%)
4a 53 (6%) 4 (1%) 0 (0%) 1 (5%)
4b 1 (0%) 0 (0%) 0 (0%) 0 (0%)
4x 11 (1%) 0 (0%) 0 (0%) 0 (0%)
5a 2 (0%) 0 (0%) 1 (0%) 0 (0%)
6 38 (4%) 12 (4%) 0 (0%) 0 (0%)
X 2 (0%) 0 (0%) 100 (33%) 0 (0%)
y 5 (1%) 2 (1%) 5 (2%) 0 (0%)
Not typed 17 (2%) 12 (4%) 2 (0%) 2 (9%)
Total 866 (100%) 282 (100%) 305 (100%) 22 (100%)

DOI: 10.1371/journal.pmed.0030353.1006 Lorenz von Seidlein, et al. Plos Med 2006



New Serotype of S.flexneri emerged in 2000 in China

Commercial diagnostic antibody

Serotype Type 4 Group 3,4 Group 6 Group 7,8

4c + . . +

monoclonal antibodies

Type 4-specific MASF IV-2 group antigen-specific MASF IV-1

Carlin, N. I., and A. A. Lindberg. |Al 1987




SEROTYPE CONVERTING PHAGE Sfx
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Figure S3 Genetic map of the SHI-O island (SfX phage) of 2002017. The ORFs are drawn to scale with direction of
transcription shown. Locations of the different ORFs are marked with locus tags above the genetic map. Functional
modules are indicated below the genetic map and are based on sequence homology to lambdoid phagest. 2 and other Sh.

flexneri serotype conversion phagess. 4. The gtr genes are shown in colour.

J Clinic Microbiol 2010




Emergence of Shigella flexneri serotype X variant in China
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Construction of a novel S. flexneri serotype 1d using serotype-
converting bacteriophage SfX and Sfl
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SEROTYPE CONVERTING PLASMID

encoding LPS phosphoethanolamine transferase IptO

| Addition of phosphoethanolamine (PEtN) to position 3 of either Rhalll or Rhall, or
both, which confers the host with the MASF IV-1 (E1037) epitope called “variant”

group antigen-specific MASF IV-1 ???

lipoprotein

hypothetical protein

hypothetical protei

hypothetical protein ‘

hypothetical protein

2

S. flexneri hypothetical proteir

2002017
pSFxv 2
(6,850 bp)

mobilisation protei

hypothetical protein </

Ipt-O
Ipt-O-1L Ipt-O-2L
|
% s AN
Ipt-0-2L Ipt-O-1U

Carlin, N. I., and A. A. Lindberg. |Al 1987 Sun, Q., et al Plos One 2612



A new group 9 antigen was recently identified

3- and 4-O-Acetylated Rhamnose lll of Lipopolysaccharide
mediated by oacB on transposon-like element

11

51251 pSQZ4 —2)-a-L-Rhap"'-(1—2)-a-L-Rhap"-(1—3)-a-L-Rhap'-(1—3)-B-D-GlcpNAc-(1—

|:{>| 3/4 T4
OAc(~60%/20%) o-D-Glep
51251 (2b) —2)-a-L-Rhap"-(152)-a-L-Rhap"-(1—-3)-a-L-Rhap'-(1—3)-B-D-GlcpNAc-(1—
13 T4
a-D-Glcp a-D-Glcp

On a transposon-like element

Wang,J. et al. JCM 2014



Group antigen 9 Is common in S.flexnerli

serotype 1a, 1b, 23, 53, Y, and 6

o 1NUL { 7U) UT ou A 1o
Serotype No. of strains 08':':%_50/00; gf/e that
tested . cross-react with
strains ; )
grouping antiserum 9
la 107 102 (95.33) 102 (95.33)
1b 25 25 (100) 25 (100)
1c 3 0 0
1d 14 0 0
2a 169 163 (96.45) 160 (94.75)
2b 61 21 (34.43) 0
3a 18 0 0
3b 4 0 0
4a 4 0 0
4av 4 0 0
4b 4 0 0
5a 14 9 (64.29) 9 (64.29)
5b 5 0 0
X 50 3 (6.00) 0
Xv 126 1 (0.79) 0
Y 39 25 (64.10) 24 (61.54)
Yv 20 0 0
6 59 0 59 (100)
7b 4 0 0
Total 730 349 (47.80) 382 (52.33)

Sun, Q., et al. JB 2014




A new group antigen 10 was recently identified

oacD-mediated 6-0O-acetylation on GIcNAc

On a serotype-converting phage Sfll

oacA for the 2-O-acetylation of Rhal
oacB and oacC for the 3/4-O-acetylation of Rhalll
oacD for 6-O-acetylation of GICNAC

Sun, Q., et al. JB 2014



oacD carried on serotype-converting bacteriophage Sfll

nt gtrA gtrB  girll acD  tail fiber tprtJtHF

Al (NC_021857.1) —-—- (o) (22f 21 ]
S. flexnari SF301 1S600 int oacB !SSCITO 15629 adrA
(AEG05674.1) iH:!i-@ Gl HED BN /[ H) O [T 1.
adrA 1S629  IS600 oaci int 1S600 .

IR Yeam's W

S. flexneri 2747-71
(AFHBO01000004)

S. flexneri 2457t
(NC_004741)

int 1S600 int oacB I1S600 15629 adl

(H - T 1

5. flexneri HNOOG6

(CP0O04057)

E. coli KTE33 02319
(ASQMO01000167.1) -
E. coli 1-176-05_S3_C2 0351
(JHDFO1000) -

5. flexneri K-1770
(AKMX01000020.1) I I -

the oacD always co-exists with the gtr locus In serotype 2
strains and Is also present in some other serotypes carrying a
cryptic Sfll prophage with a defective gtr locus



Group antigen 10 is common in S.flexneri

Serotype Number of strains Number D-f .:.:-:..'.:'._D-pcaiti'-.'e Number -::-.f .au'risemm
g tested strains 10-reactive strains
la 7@ 0 ]
b 22 0 0
le 1 0 0
1d 5 0 0
2a 154 134 134
20" 29 29 23
3a° 7 2 2
3b 2 0 0
da 3 0 0
dav 3 0 0
4b 3 0 0
5a 2 0 0
by 30 1 1
Xv* 189 1 0
V' 37 14 13
b 21 13 13
] 16 0 0
b 2 0 0

Total 672 214 206 <:|

Sun,Q., et al JB 2014




Molecular Serotyping of S.flexneri

MI M2

$83iL.
‘d--:-.'--- — v (782 bp)

la Ih le 2a 2h 3a 3bh d4a 4b 5a X Nv Y Fo6

[T (1272 bp)
—oil (1122 bp)

t—:rn[ f(Jl 5 bpj

—i f(ﬂ]—l hpj
—uirf C(5]8 hp]
- .- —= X (425 bp)
—aull f.;hhpj

Sequence screening first, confirmed by serological agglutination

TABLE 1 Serotype characteristics of S. flexneri reference strains by agglutination and multiplex PCR

Agglutination Multiplex PCR
Strain Serotype Typmg . Grouping MASE wzx  girl  gtrlC grrll oac gtV grrVo grrX
| i v vl 34 o T8 lc

2000019 la + - - - - - + - - - + + - - - - - -
1997020 1b + - - - - - + + - - + + - - + - - -
06HNOS1* - - - e - e . - o+ - + + o+ + - + - - -
301 2a - - - - - - + - - - + - - + - - - -
NCTC4 2b - + - - - - - -+ - + - + - - - +
03HL12 3a - - + - - - - +  + - + - - - + - - +
2002110 3b - -+ - - - -+ - - - - - - - - - -
NCTCY9725 4a - - -+ - - + - - - - - - - - - -
NCTC9726 4b - - -+ - - -+ - - + - - - + + - -
51247 Sa - - - - + - + - - - + - - - - - + -
2003036 Y - - - - - - + - - - - - - - - - - -
2001014 X - - - - - - - -+ - + - - - - - - +
2002017 Xv - - - + - - - -+ - + - - - - - - +
2000007 Fe - - - - - + - - - - - - - - - - - -

Sun, Q., etal.JCM 2011



Minimum spanning tree of S. flexneri isolates based on PFGE data

A total of 655 isolates obtained from Henan and 10 other provinces of
China were analyzed and divided into 154 pulse types

) 152
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Ye, C., et al. JICM 2010



Hypothesis for serotype conversion of Shigella flexneri
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We aimed to elucidate the temporal and
geographical dynamics of S. flexneri
epidemics in China across a 10-year time
span. We sequenced 59 S. flexneri isolates
of 14 serotypes (serotypes 1 to 4, Y, Yv, X,
and Xv).

Based on 1790 SNPs on core genome region with ML

The topology shows that the 64 strains can
be divided into 6 lineages. All ST91
isolates and the sole ST109 isolate
grouped together as lineage I.

Lineage Il contained strains 2457 T and
MOOT isolated in Japan (in 1954) and
France .

Lineage Il included 4 ST18 isolates, one
was isolated in 1984.

Lineage IV contained 4 isolates belonging
to 3 different STs . One isolated in 1997
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Years Region Serotype ST

® Shi06HN347 2006 Henan Xv 91

L @ Shi06HN091 2006 Henan X 9]

L @ 2005GS061 2005 Gansu Xv 91
2005051 2005 Henan Xv 91

® Shi06SX36 2006 Shanxi XV 9]

@ Shi06AH130 2006 Anhui Xv 91
l® Shi06HN250 2006 Henan XV 91
_.Shi()(j]—]]\]] 18 2006 Henan XV 91

@ Shi055X04 2005 Shanxi Xv 9]

| @ Shi06HN344 2006 Henan X 91

@ 2002142 2002 Henan Xy 9]

| @ Shi0GHN244 2006 Henan XV 91

_ @Shi06SX53 2006 Shanxi Xv 91

® 2002069 2002 Henan XV 9]
©2002140 2002 Henan Xv 91
92002141 2002 Henan X 91
L@ 2002017 2002 Henan XV 9]
2002110 2002 Henan 3b 91
Shin6GS02 2006 Gansu 3a 91
2002127 2002 Henan Ja 91

| 2001027 2001 Henan X 91
2002035 2002 Henan X 91

® ShiD6HNO16 2006 Henan Xv 91

@ Shi6GS37 2006 Gansu Xv 9]

{ @ Shi06GS43 2006 Gansu Xv 91

@ Shi06GS55 2006 Gansu Xv 91
©Shi6GS07 2006 Gansu Xv 91

@ Shi06GS48 2006 Gansu Xv 91

| Shi06AH091 2006 Anhui Xv 91
L Shi06HN159 2006 Henan I1d 109
2002021 2002 Henan 2a 91
2005025 2005 Henan la 91
2001020 2001 Henan la 91
2002103 2002 Henan la 91
2005184 2005 Henan X 91

@ Shi06AH116 2006 Anhui Xv 91

@ Shi06AH135 2006 Anhui Xv 91

@ Shi06AH66 2006 Anhui Xv 91

@ 2005AH264 2005 Anhui Xv 91
EEOD 1042 2001 Henan 2a 91
2003035 2003 Henan Y 91
2002106 2002 Henan la 91
2001048 2001 Henan 2b 91
Shi06HN023 2006 Henan X 91

LT Shi06HN378 2006 Henan X 91
2001044 2001 Henan Xv 9]

| —Shi06AH028 2006 Anhui Yv 91
2003055 2003 Henan X 91
2000019 2000 Henan la 91
2001025 2001 Henan la 91
2001004 2001 Henan la 91

— 2005002 2005 Henan o P Q1

D 3%47118(7\-{ Unk]nr?\i F‘ngig Sg lgg
ST501 1984 Beling za s
51581 Un]%nm}; Guizho ’}Y 18
944 12002007 3003 Henan 5 i

wellellan 1997 Henan b 14
1997005 2002 Henan 4av 142
— 7 fsknow Quizho o 2
L 51577 .

Unknow Beijing 5b 93

51575 Unknow Gansu 3a 16




Lineage | exclusively contained
epidemic ST91. It contained 25
Xv isolates, 23 of which were

— @ Shi06HN347 - ]
———@Shi06HNO091
® 2005GS061

grouped into 3 distinct clusters.

® 2005051
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Cluster 1 contained 17 isolates, @ Shi06HN347 —
- @ Shi0O6HN091
12 from Henan, 3 from Shanxi, 5002 200565061
1 Shi065X36
1 from Gansu, and 1 from Anhui. | [® 29500 5,
e ®Shi06HN250
L @Shi06HNI18 Cluster 1
. SthSSX04 1999 (1995-2001)
- - @Shi06HN344
SNPs
— © 2002142
(2ns,2silne) @ Shi06HN244
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2002110
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2001027
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Genomic relationships of 64 S. flexneri isolates. The tree was based on 1790 SNPs constructed by the
maximum likelihood method. The Shigella resistance locus (SRL) island, Tn7, gyrA mutations and dfrA5 were on
right. The 3 serotype X clusters 1, 2 and 3 were coloured blue, purple and red respectively. Lineages are indicated
by roman numerals. Lineage age was inferred using BEAST.



Geographic distribution of the SNP genotypes of the 380 S. flexneri isolates in China
(A) Frequencies of the 5 SGs in different provinces

(B) Geographic distribution of different SGs

A Zhang N et al. J. Clin. Microbiol. 2014

b SG5 (1.6%)

SGS5 (4%)

Henan (177) Gansu (125) Anhui (78)
B
. . . . m%)
SG1 (Unclustered, 46) SG2 (Cluster 1, 187) SG3 and SG4 (Cluster 2, 93) SG5 (Cluster 3, 54)

The 18 SNPs divided the 380 isolates into 5 SNP genotypes (SGs). SG1 contained 46 isolates,
including 17 from Henan, 21 from Gansu, and 8 from Anhui. SG1 grouped together all isolates
that did not belong to any of the 3 clusters. SG2 and SG5 corresponded to genome clusters 1
and 3, respectively. Cluster 2 was divided into SG3 and SG4




NEWS & ANALYSIS

GENOME WATCH OO
TB or not TB? Genomic @ g
portraits provide answers ]

Kate 5. Baker and Matthew |. Ellington

This month’s Genome Watch highlightzthe  and, in some cases, occurred in combination

application of bacterial whole-genome with epistatic mutations that compensated
sequencing in public health microbiclogy  for the fitness costs of resistance. For exam-
and epidemiclogical profiling. ple, mutations in rpoA, rpoB and rpoC that

compensated for resistance-conferring rpoB

Me an r"'ﬂl'.iJa-_-,,f

epidemic bacterial strains. These studies also
show that transmission occurs at household

and regional levels and that WGS is useful for
providing details of antimicrobial resistance
genes and compensatory mutations. Both



My Team:

Qiangzheng Sun, Nan Zhang, Jianping Wang, Changyun Ye ,Ruiting Lan
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